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Abstract	
	
Research	 area	 administratively	 located	 in	 Kepahiang	 Regency,	 Bengkulu	 Province,	
Indonesia.	Tectonic	setting	 is	situated	between	Musi	and	Ketaun	segment	of	Sumatera	
fault.	 Eastern	 Ketaun	 segment	 occurred	 dilatational	 step	 over	 to	 Musi	 segment.	 The	
structural	geology	in	this	tectonic	setting	is	of	great	interest	as	a	research	object.	
Several	methods	was	used	in	this	study,	which	consist	of	remote	sensing	and	fieldwork.	
Structural	 analysis	 using	 satellite	 imagery	 ASTER‐GDEM	 was	 carried	 out	 in	 remote	
sensing.	 Structural	 analysis	methods	 consist	 of	 digital	 lineament	 extraction,	 lineament	
density,	 lineament	 delineation,	 and	 statistic	 lineament.	 Fieldwork	 consists	 of	 surface	
geothermal	manifestation	mapping.		
Digital	extracted	lineament	shows	structure	orientation	pattern.	High	density	lineaments	
indicate	areas	with	a	main	structure.	The	structural	play	consist	of	four	main	orientation,	
which	are	NW‐SE,	NNW‐SSE,	WNW‐ESE	and	NE‐SE.	Structural	trend	NW‐SE	is	associated	
with	 hot	 spring	 in	 Kelobak,	 structural	 trend	 NNW‐SSE	 is	 associated	 with	 hot	 spring,	
fumarole	and	mud	pool	 in	Kaki	Kaba	and	Air	Sempiang,	WNW‐trend	ESE	 is	associated	
with	hot	 spring	 in	Suban,	and	structural	 trend	NE‐SW	 is	associated	with	hot	spring	 in	
Sindang	Jati.	These	structures	play	an	important	role	as	discharge	zones	indicated	by	high	
density	lineament	areas	and	geothermal	manifestation	occurrence.	The	structural	trend	
related	to	tensional	regime	of	Musi	and	Ketaun	segment	of	Sumatera	Fault.	
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1. Introduction	
 
1.1 Background	
	
Kepahiang	geothermal	prospect	is	situated	in	Sumatera	fault	system.		Tectonically,	
it	 is	 situated	 between	 Musi	 and	 Ketaun	 segment	 of	 Sumatera	 fault.	 Eastern	 Ketaun	
segment	occurred	dilatational	step	over	to	Musi	segment.	Kaba	stratovolcano	is	located	
between	Musi	and	Ketaun	segment.	(Sieh	and	Natawidjadja,	2000).	Surface	geothermal	
manifestations	 indicate	 permeable	 zone	 and	 the	 existence	 of	 active	 subsurface	
geothermal	system.	This	potential	of	geothermal	system	could	be	developed	and	utilized	
if	we	know	whether	it	has	potential.	Generally	in	geothermal	system	we	always	search	for	
permeable	zones	and	high	temperature	systems	because	 these	are	the	most	profitable	
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and	able	to	generate	more	energy.	This	study	utilizes	remote	sensing	and	manifestation	
distribution	to	establish	the	role	of	permeable	geologic	structure.	
1.2 Study	Area	
	
Study	 area	 is	 in	Kepahiang	Regency,	Bengkulu	Province,	which	 is	 geographically	
located	between	224000‐246700	mT	and	9597000‐9620600	mT.		
	
Figure	1.	study	area	
2. Geologic	setting	
 
2.1 Tectonic	and	Geologic	Structures	
	
Sumatra	 Island	 is	 the	 northwest	 oriented	 physiographic	 expression,	 lied	 on	 the	
western	edge	of	Sundaland,	a	southern	extension	of	the	Eurasian	Continental	Plate.	The	
Sumatra	 island	 is	 interpreted	 to	 be	 constructed	 by	 collision	 and	 suturing	 of	 discrete	
microcontinents	in	late	Pre‐Tertiary	times	(Pulunggono	et	al.,	1992).	Sumatera	lies	along	
the	southwest	margin	of	the	Sunda	Continental	Plate	at	the	western	end	of	the	Sunda	Arc,	
beneath	which	oceanic	crust	is	currently	being	obliquely	subducted	in	a	north‐northeast	
direction	(Hamilton,	1979)	
	
Based	on	Darman	and	Sidi	(2000)	tectonically,	Sumatera	Island	can	be	divided	into	
5	areas:	outer‐arc	ridges;	fore‐arc	basins;	back‐arc	basins;	Barisan	Mountain;	and	intra‐
arc	 basins.	 Kepahiang	 is	 situated	 in	 Barisan	Mountain,	 range	 that	 occurred	 along	 the	
Sumatera	Fault.	
	
Sumatera	 fault	 is	 divided	 into	 19	 segment	 with	 step	 overs.	 Most	 of	 the	
discontinuities	are	right	steps	in	the	fault	trace	and	thus	represent	dilatational	step	overs.	
In	figure	2,	this	research	area	is	located	in	Musi	and	Ketaun	segment.	Southeastern	end	
Ketaun	segment	 is	at	6	 to	8	km	wide	dilatational	step	over	onto	the	Musi	segment.	An	
inactive	 or	 less	 active	 continuation	 of	 the	 Ketaun	 segment	 may	 extend	 beneath	 the	
stratovolcano	of	Bukit	Kaba	(Sieh	and	Natawidjadja,	2000).	
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Figure	2.	segmentation	of	Sumatera	fault	(modified	Sieh	and	Natawidjadja,	2000)	
2.2 Regional	Geology	
	
Stratigraphy	of	Kepahiang	refers	to	Gafoer	(1992)	as	follow:	
a. Hulusimpang	Formation	(Oligocene‐Miocene):	andesitic	to	basaltic	lavas,	volcanic	
breccia	and	altered	tuffs.	
b. Seblat	 Formation	 (Oligocene‐Miocene):	 Sandstone	 containing	 silicified	 wood,	
claystone,	 conglomeratic	 sandstone,	 limestone,	 shales,	 marl	 and	 tuffaceous	 with	
sandstone	intercalation.	
c. Dioritic	Intrusion	(Miocene):	dioritic	intrusion		
d. Bal	Formation	(Miocene):	dacitic	epiclastic	volcanic	breccia	with	epiclastic	volcanic	
sandstone	intercalations.	
e. Rhio‐Andesite	 volcanic	 rock	 Quarternary	 (Holocene):	 rhyolitic,	 dacitic,	 andesitic	
lavas,	hybrid	tuff,	welded	tuff,	volcanic	breccia	and	pumices.	
f. Andesitic‐Basalt	volcanic	rock	Quarternary	(Holocene):	andesitic	to	basaltic	lavas,	
tuff	and	laharic	breccia.	
g. Breccia	 volcanic	 rock	 Quarternary	 (Holocene):	 andesitic	 to	 basaltic,	 volcanic	
breccia,	lavas	and	tuffs.	
	
Summary	 of	 geological	 history	 in	 study	 area	 is	 described	 by	 Gafoer	 (1992).	
Increased	 activity	 with	 related	 magmatism	 in	 more	 recent	 times	 has	 resulted	 in	 the	
formation	 of	 the	 Tertiary	 to	 Recent	 volcanic	 arc	 of	 the	 Barisan	 Mountain,	 along	 the	
western	 edge	 of	 Sumatera,	 that	 is	 transected	 along	 its	 length	 by	 the	 Sumatera	 Fault	
System.	 Plio‐Pleistocene	 tectonics	 produced	 important	 regional	 NW‐SE	 structures	
evident	 throughout	 Sumatera.	 Volcanic	 activity	 in	 the	 Barisan	 Range	 throughout	 the	
Quartenary	resulted	in	the	formation	of	tuffs,	 lavas,	and	volcanic	breccia	of	rhyolitic	to	
basaltic	composition.	Regional	geology	map	shown	in	figure	3.	
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Figure	3.	regional	stratigraphy	map	of	study	area	modified	from	(Gafoer,	1992)	
3. Methodology	
 
3.1 Remote	Sensing	
	
Structural	analysis	using	satellite	imagery	ASTER‐GDEM	was	carried	out	in	remote	
sensing.	 Structure	 analysis	methods	 consist	 of	 digital	 lineament	 extraction,	 lineament	
density,	lineament	delineation,	and	statistic	lineament.		
	
3.1.1	Digital	lineament	extraction	
	
Digital	lineament	extraction	was	conducted	using	software	programs	with	several	
parameters	such	as	pixel	filter	radius,	gradation	edge	limit,	curve	length	limit,	differential	
degree	limit	and	error.	The	purpose	of	this	analysis	was	to	obtain	pattern	orientation	and	
distributions	based	on	 those	parameter.	These	parameters	values	were	modified	 from	
Thannoun	(2013).	
	
Table	1.	Extracted	Lineament	Parameter	Values	
Parameter	 Value	
Filter	Radius 5
Edge	Gradient	Threshold 75
Curve	Length	Threshold	 30	
Line	Fitting	Error	Threshold 10
Angular	Different	Threshold 20
Linking	Distance	Threshold 10
	
Digital	elevation	model	cannot	be	represented	from	one	slope	orientation.	Slope	for	
a	particular	location	is	computed	as	the	maximum	rate	of	change	of	elevation	between	
that	 location	 and	 its	 surroundings.	 Slope	 can	 be	 expressed	 either	 in	 degrees	 or	 as	 a	
percentage	(Endyana,	2014).	Aspect	is	the	orientation	of	slope,	measured	from	four	relief	
illumination		direction,	where	0	is	north‐facing,	45	is	northeast‐facing,	90	is	east‐facing,	
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and	135	is	southeast‐facing.	Hill	shading	is	a	technique	used	to	visualize	terrain	as	shaded	
relief.	
3.1.2	Lineament	density	
	
This	 analysis	 shows	 detail	 distribution	 and	 pattern	 of	 lineament	 in	 geothermal	
prospect	area.	Lineament	density	analysis	was	conducted	to	calculate	the	frequency	of	the	
lineaments	per	unit	area	(Hung	et	al.,	2005;	Thonnoun,	2013),	and	then	produce	a	map	
showing	concentrations	of	the	lineaments	over	unit	area.	Base	on	Soengkono	(1999),	the	
lineament	density	 is	created	by	counting	 lines	digitally	per	unit	area	(length/km2)	and	
then	 plotted	 in	 the	 respective	 grid	 centers,	 contoured	 and	 be	 presented	 as	 lineament	
density.	Lineament	density	method	utilizes	digital	topography	data	and	the	shaded	relief	
tool,	which	is	available	in	GIS	software.	This	method	is	useful	for	lineament	analysis,	not	
only	 the	 value	 of	 intensity	 but	 also	 pattern	 of	 fracture	 distribution	 and	 the	 main	 of	
direction	of	tectonic	or	volcanic	style	(Endyana,	2016).	
	
3.1.3	Lineament	delineation	
	
This	 method	 is	 utilized	 to	 delineate	 lineament	 based	 on	 extraction	 lineament	
pattern,	lineament	density	anomaly	and	linear	lower	slope.	Base	on	Endyana	(2014)	the	
step	 is	 to	 combine	 extracted	 digital	 from	 four	 illumination	 to	 produce	 delineation	
lineament,	 the	 combinations	 of	 the	 four	 extracted	 digital	 are	 computed	 by	 using	 GIS	
overlay	technique.	The	linear	feature	which	resulted	from	tectonic	activity	has	a	specific	
characteristic	such	as	repetitive	with	arrange	interval.	Lineament	delineation	represent	
structural	lineament	in	study	area.	
	
3.1.4	Statistical	lineament	
	
The	purpose	of	this	analysis	was	to	obtain	the	maxima	from	several	sets	of	data	and	
recover	the	spatial	distribution	of	delineation	lineament.	Structure	lineament	is	used	to	
determine	 major	 trends	 of	 structure	 that	 exist	 in	 study	 area.	 Maxima	 of	 structural	
lineament	were	classified	by	sub	drainage	area.	
	
3.2 Fieldwork	
	
Fieldwork	 consists	 of	 surface	 geothermal	manifestation	mapping.	Manifestations	
here	 are	 hot	 spring,	 fumarole	 and	 mudpool.	 Fieldwork	 is	 done	 around	 Kepahiang	
Regency,	 some	 manifestations	 are	 located	 in	 Rejang	 Lebong	 Regency.	 Parameters	
described	 in	 surface	 manifestation	 mapping	 are	 manifestation	 type,	 coordinate,	 and	
elevation.	Also	lithological	cross	check	and	geomorphological	survey.	
	
4. Result	and	Discussion	
 
4.1 Structure	Geology	
	
4.1.1	Extracted	Lineament	
	
The	 extracted	 lineaments	 show	 all	 possible	 linear	 features	 that	 can	 represent	
lineament	pattern.	Lineament	patterns	are	used	as	a	parameter	to	lineament	delineation.	
In	 figure	 4,	 four	 relief	 illumination	 directions	 showing	 different	 total	 lineament.	 0o	
azimuth	 resulted	 1702	 extracted	 lineament,	 45o	 azimuth	 resulted	 1430	 extracted	
lineament,	 90o	 azimuth	 resulted	 1242	 extracted	 lineament	 and	 135o	 azimuth	 resulted	
1714	 extracted	 lineament.	 Extracted	 lineament	 the	 135o	azimuth	 have	 higher	 number	
with	compared	with	other.	
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Extracted	 lineaments	 from	 four	 illumination	 directions	 are	 overlaid	 to	 show	
integrated	extracted	lineament.	This	extracted	lineament	utilized	for	lineament	density	
and	delineation	lineament	analysis.	
	
	
Figure	4.	Extraction	Digital	Lineament	
4.1.2	Lineament	density	
	
Lineaments	density	map	of	lineaments	from	four	directions	is	produced	and	shows	
in	 figure	5.	 Lineament	density	map	 is	 created	by	counting	 lines	digitally	per	unit	area	
(length/km2)	 and	 then	plotted	 in	 the	 respective	 grid	 centers	 and	 contoured.	 The	high	
density	of	lineaments	are	located	in	the	areas	indicated	as	a	main	structure.	High	anomaly	
lineament	 density	 shows	 by	 yellow	 and	 red	 contour,	 with	 density	 value	 2400‐1600	
m/km2.These	lineament	may	be	caused	by	tectonic	activity.	These	delineation	lineaments	
with	 the	 parameter	 of	 lineament	 density	 are	 very	 important	 for	 knowing	 structural	
geology.		
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Figure	5.	extraction	digital	lineament	density	
4.1.3	Structural	Lineament	
	
Delineation	lineament	resulted	structural	lineament	based	on	extracted	lineament	
pattern,	 lineament	 density	 anomaly,	 and	 linear	 lower	 slope.	 Statistical	 lineaments	 are	
analysis	structural	lineament	trend.	Structural	lineament	maxima	were	classified	by	sub	
drainage	area.	Structural	 lineament	rose	diagram	shows	3	dominant	 lineament	trends,	
these	 are	NW‐SE,	WNW‐ESE	 and	NE‐SW.	 Structural	 lineament	 trend	NW‐SE	 shows	 in	
Kepahiang	sub	drainage	area	C	dan	D,	WNW‐ESE	shows	in	sub	drainage	area	A,	and	NE‐
SW	shows	in	sub	drainage	area	B.	
	
	
Figure	6.	structural	lineament	trend	
Type	of	structural	lineament	determination	uses	shear	strain	concept	from	Riedel	
(1926)	 dan	 Harding	 (1985),	 described	 in	 Allmendinger	 (1999).	 In	 figure	 7,	 based	 on	
Riedel	 (1926)	 structural	 lineament	 NW‐SE	 trend	 associated	 with	 Ketaun	 and	 Musi	
segmen	 fault	of	Sumatera,	 this	 structural	 lineament	 is	main	structure,	NNW‐SSE	 trend	
D
C
B
A
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associated	 with	 R‐shear	 (synthetic	 fault),	 NE‐SW	 trend	 associated	 with	 R’‐shear	
(antithetic	 fault),	 and	WNW‐ESE	 trend	 associated	 with	 P‐Shear	 (secondary	 antithetic	
fault).	
	
Base	on	Harding,	et	al.	(1985)	structural	lineament	trend	NW‐SE	is	associated	with	
PDZ	(Principal	Displacement	Zone)	of	Sumatera	fault	system,	NNW‐SSE	trend	is	associated	
with	en	echelon	synthetic	fault,	and	NE‐SW	trend	is	associated	with	en	echelon	antithetic	
fault.	
	
	
Figure	7	structural	lineament	type	
4.2 Manifestation	
	
Surface	 geothermal	 manifestations	 indicate	 the	 existence	 of	 active	 subsurface	
geothermal	system.	Geothermal	manifestations	are	commonly	associated	with	geological	
structures.	Several	geothermal	surface	manifestations	found,	which	consist	of	hot	springs,	
mud	pool,	fumarole,	and	solfatara.	
	
Manifestation	 associated	 with	 four	 structural	 trend,	 there	 is	 NW‐SE	 trend	
associated	with	hot	spring	in	Kelobak,	NNW‐SSE	trend	associated	with	hot	spring,	mud	
pool	and	fumarole	in	Kaki	Kaba	and	Air	Sempiang,	WNW‐ESE	trend	associated	with	hot	
spring	in	Suban,	and	structural	trend	NE‐SW	associated	with	hot	spring	in	Sindang	Jati.	
	
This	 structural	 play	 is	 believed	 to	 have	 an	 important	 role	 as	 discharge	 zones	
indicated	 by	 geothermal	manifestation	 occurrences.	 The	 structural	 trend	 is	 related	 to	
tensional	regime	of	Musi	and	Ketaun	segment	of	Sumatera	Fault.	
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Figure	8.	geothermal	manifestation		
5. Conclusion	
 
The	 extracted	 lineaments	 represent	 linear	 lineament	 patterns	 and	 distributions.	
The	high	densities	of	lineaments	are	located	in	the	areas	indicated	as	a	main	structure.	
Lineament	 delineation	 analysis	 is	 utilized	 to	 determine	 the	 structural	 geology	 in	 the	
surface	study	area.	Structural	plays	trending	NW‐SE,	NNW‐SSE,	WNW‐ESE	and	NE‐SW	
play	 an	 important	 role	 as	 discharge	 zone.	 Lineament	 distributions	 and	 patterns	 are	
important	 parameters	 for	 permeable	 zones	 indicated	 by	 geothermal	 occurrence.	 The	
structural	 trend	 is	 believed	 to	 be	 related	 to	 the	 tensional	 regime	 of	Musi	 and	Ketaun	
segment	of	Sumatera	fault.		
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